The study presents results of pilot investigations (2005)(2006)(2007) of micro-vegetation biodiversity in marginally explored mountain and forest-steppe areas of southern Altai, East Kazakhstan. On the basis of morphological phenotypes and ecological demands a total of 351 taxa of cyanobacteria and algae were identified in the principal biotopes (rivers and streams, backwaters, irrigation channels, lakes, high-tundra periglacial and barren land settings, snow fields, and pedogenic /soil cover/ environments) of the territorial topographic gradient of ca. 400-3900 m a.s.l. Microbiological records display a remarkable taxonomic variability, including several previously undescribed endemic species of algae adapted to locally specific geoenvironmental conditions. The present results show a major potential for future systematic phycological studies integrated in the complex nature monitoring and management strategy in protected areas of the Altai. The results also demonstrate a limited impact of modern human activity on the quality of local water sources with only minor present ecological risks in balance with the traditional lifestyles of pastoralist communities.
Introduction
The present state of scientific knowledge on microflora of Kazakhstan is rather limited. Only few articles, concerning local cyanobacteria and algae, have been published to date (e.g., Muzafarov 1965; Ergashev 1974) . Although algal and cyanobacterial microflora has been previously studied in Turkmenistan, Uzbekistan, Tajikistan, Kyrgyzstan and the southern Kazakhstan (Obukhova 1952; Vozzhennikova 1953; Kiselev 1955; Muzafarov 1965; Ergashev 1974; Masharipov 1976; Shoyakubov et al. 1976) , the eastern part of Kazakhstan still belongs to the least researched microbiologically and largely unknown regions of Central Asia.
The key study area is located in the central part of the southern Altai Mountains, East Kazakhstan, belonging to the Paleoarctic biogeographical zone of southern Siberia, well-known for high numbers of unique and endemic species of flora and fauna (Androsova 1977 ).
The principal investigations of cyanobacteria and algae were carried out in the territory of the Katon-Karagay National Nature Park (648 km 2 ) and the Lake Markakol Nature Protection Zone (455 km 2 ) as a part of a complex biodiversity mapping of pristine natural areas of East Kazakhstan. Most of the investigated territory (with MAT +1°C) is covered by semi-arid steppes and foreststeppes in river valleys, and by mixed taiga forests, dark coniferous forests and alpine tundra in the mountains, following the topographic gradient above the crystallinic bedrock.
The discussed data result from systematic pilot studies of freshwater and aerophytic flora carried out in the Kazakh zone of the Altai within the framework of ecological and biotic investigations of the broader Altai region, following the studies of cyanobacterial and algal flora in pristine soils of Gorno Altai, Siberia (Chlachula et al. 2002; Koutn˝ et al. 2003) . Since the original species variability of cyanobacteria and algae represents proxy indicators of water quality, the assembled database derived from the main biotopes/habitats of the local ecosystems (aquatic, terrestrial, air-related and snow-cover related) was also used to assess quality of the main water systems, particularly of the Bukhtarma River with its tributaries, draining the studied territory.
Material and methods

Material sampling and processing
Cyanobacterial and algal flora sampling was performed during the summer seasons of [2005] [2006] [2007] . Approximately 225 aquatic samples were collected from the Bukhtarma and Berel Rivers: their main channels, backwaters and stagnant water pools; irrigation channels, bogs, mountain streams, snow-fields and post-glacial mountain lakes (Jazovo, Dzhindagatuy, Markakol), with the latter biotically compared to the continental lacustrine basins of eastern Kazakhstan (Lakes Zaysan and Kopchegay) (Fig. 1) . In addition, aerophytic microvegetation was sampled from exposed rock surfaces and modern pedogenic (soil) horizons. Cyanobacterial and algal flora from the present pastures, past-grazed and non-grazed areas were used for a close contextual taxonomic evaluation (Fig. 2) .
The collected biotic material was dried, fixed in 1.5% formaldehyde or kept alive in the Petri dishes with sterile BG11 nutrient medium. Soil samples were placed on agar plots with BG11 nutrient medium in Petri dishes and cultivated under laboratory conditions for 4 weeks. Diatom permanent slides were prepared in compliance with standard procedures (Houk 2003) .
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Taxonomic identification
Taxonomic identification of Conjugatophyceae and Charophyta followed Poljanskiy (1955) , Krasnoperova (1970 Krasnoperova ( , 1971 , Krasavina (1974) , Hollerbach & Krasavina (1975) , Rundina (1977) ; diatoms were determined according to Krammer & Lange-Bertalot (1986 , 1988 , 1991a , 1991b and Krammer (1997a Krammer ( , 1997b Krammer ( , 2000 Krammer ( , 2003 . Identification of particular morphotypes is based on the cited literature (Geitler 1932; Elenkin 1936 Elenkin -1949 Starmach 1972; Kom·rek & Anagnostidis 1999 , 2005 Houk 2003) . Although contemporary taxonomic literature was applied, determination of several taxa was uncertain or unfeasible, suggesting existence of some still undescribed endemic microflora taxa, adapted to local, highly specific geo-environmental conditions. The taxonomical classification of algae was applied according to Lee (2008) .
Results and discussion
The total number of the currently determined taxa includes: Cyanobacteria (82), Rhodophyta (1), Dinophyta (3), Heterokontophyta: Chrysophyceae (4), Bacillariophyceae (171), Xanthophyta (4), Chlorophyta (87) and Charophyta (3). Identification of some species turned out to be rather problematic. Only 88% of Bacillariophyceae, 28% of Cyanophyta and 24% of Chlorophyta were identified to a specific level. Great numbers of undetermined Cyanophyta (20) and Chlorophyta (15) taxa suggest the presence of new genera or species. The occurrence distribution of particular taxa is summarized in Table 1 .
Algal flora was strongly affected by low temperatures of mountain waters, mainly of glacial origin. Therefore, algal species typical for the spring season occurred most frequently in the studied samples. The principal investigated biotopes are represented by rivers and streams, backwaters, irrigation channels, lakes, aerophytic tundra settings (barren lands, snow fields) and pedogenic environments of the present soil cover (Fig. 2) .
Rivers and Streams
Both indifferent species and indicator taxa of clean and cold water conditions (Hydrurus foetidus (Vill.) Trev., Ulothrix sp., Microspora sp. and Meridion circulare (Grev.) Ag. predominated in the samples from the fluvial environments (river valleys).
At higher altitudes (above 1700 m a.s.l.), the algal and cyanobacterial communities were replaced by lichens. Kiselev (1955 ), Muzafarov (1965 and Ergashev (1974) found similar taxa in the majority of river channels in Turkmenistan, Uzbekistan, Tajikistan, Kyrgyzstan and the southern part of Kazakhstan, apart from the commonly represented taxa of Oedogonium sp., Zygnema sp., Nostoc verrucosum Valch. ex Born. and Flah., in addition to various types of Phormidium sp.
As unusual aspect is the absence of species Prasiola fluviatilis (Sommer.) Aresch. ex Lag., which was commonly recorded in river settings of Uzbekistan, Kyrgyzstan and Tajikistan (Muzafarov 1965 C. Ag. recorded in analogous habitats in Kazakhstan (Muzafarov 1965; Ergashev 1974) . This phenomenon might reflect various geo-environmental factors, e.g. changes in pH or light conditions. Mono-specific populations of cyanobacteria from Hydrococcaceae and some unidentified species of Tapinothrix Sauv. were attached to exposed surfaces of cobbles in mountain streams. The presence of the genera Chaetophora Schrank, Draparnaldia Bory and Stigeoclonium K¸tz. is typical of springs and streams emptying the local Altai mountain lakes. Brown-coloured macroscopic mats of Meridion circulare (Bacillarophyceae) dominated in humid and forested high mountain areas. An unknown Cladophora K¸tz. species and a population of Chara vulgaris s.l. were found in smaller mountain streams at lower altitudes (700-1000 m a.s.l.). The above mentioned Cladophora species is specific in its morphology and is not identical with the common Cladophora species from Central Asia (Kiselev 1955; Muzafarov 1965) . The occurrence of Chara vulgaris s.l. in rapid streams is rather unexpected due to its tight relation to torrential biotopes (Muzafarov 1965; Krasavina 1974; Hollerbach & Krasavina 1975) .
The collected diatom taxa may be generally regarded as Ñcosmopolitansî characteristic of standing water biotopes, with the occurrence of some species recorded exclusively in Kazakhstan, e.g. Encyonema persilesiacum var. ata-tau Krammer (Krammer 1997a). Although the total number of the found diatom species did not exceed 36 for rivers and 53 for streams, a high occurrence of the currently undetermined species suggests great microflora variability in the Altai.
Backwaters
The species composition of the Altai backwater and palustrine biotopes is rather unique. Bacillariophyta, Chrysophyta and Chlorophyta were recorded from all sampling locations, most of them with the characteristic spring season appearance. The genera of Phormidium K¸tz. ex Gom., Synura Ehren., Fragilaria Lyngb., Meridion Ag., Chaetophora, Draparnaldia, Mougeotia Ag. and Zygnema Ag. dominated in the samples.
The Fragilaria and Meridion species formed typical mats, brown-coloured around margins, while Chaetophora, Draparnaldia and some unidentified and evidently undescribed endemic genera, most probably related to the Chaetophorales group, occurred in river valley oxbow lakes. These genera represented the dominant microvegetation component of this particular Altai biotope.
Irrigation channels
Irrigation channels are considered to be a specific anthropogenic type of biotopes with a distinctive cyanobacterial and algal flora (Muzafarov 1965; Ergashev 1974) . Some modern irrigation channels were previously studied in the Almaty region, SE Kazakhstan (Ergashev 1974 The number of gathered diatom species was the lowest (29) from the surveyed southern Altai biotopes. An interesting finding is the unexpected presence of Cymbella helmckei Krammer, until now observed only in Lake Balaton, Hungary (Krammer 2002), and two unknown Pinnularia Ehren. taxa (Pinnularia sp.1 and sp.2) from stream biotopes.
Lakes
The algal species composition observed in the Altai lakes is rather unique and is worth studying in detail. Most of the investigated freshwater lakes (Kopchegay, Dzhindagatuy, Markakol and Zaysan) have some general environmental similarities to the better-investigated saline/brakish Lake Balchash in central Kazakhstan (a large water extent with a stony and sandy lake bottom and littoral vegetation).
Green macroscopic algal taxa ñ Oedogonium Link, Zygnema, Mougeotia, Cladophora and a group of Charophyta have been mostly documented in large Kazakh lakes (Muzafarov 1965; Krasavina 1974; Hollerbach & Krasavina 1975; Rundina 1977) . During our research only populations of Chara vulgaris s.l. were found. In contrast, Krasavina (1974) , Hollerbach & Krasavina (1975) described the presence of numerous species of Charophytes (Ch. intermedia A. Br., Ch. tomentosa Linn., Ch. schaffneri, Ch. foetida A. Br., Ch. altaica A. Br. emend. Hollerb. or Ch. aspera Willd., Nitella tenuissima (Desv.) K¸tz., N. hyalina (De Cand.) C. Ag., Nitellopsis obtusa (Desv.) J. Groves and the Tollypela nidifica population) from various regions of Kazakhstan.
The total number of the found diatom taxa (115) and the overall species diversity were much higher in the lake ecosystems than for the rest of the mapped Altai biotopes. The number of unidentified taxa (7) did not reach their absolute and proportional quantity as in the local biotopes of streams and rivers (11 out of 70 taxa). Algal flora of the two closely investigated lakes varies considerably within the general species composition described above, but also between each other. Glacial water sources distinguished the lakes from other studied lacustrine basins. The geo-biological substrate and the presence of macrophytes are the other most differentiating factors. The Jazovo Lake (N 49°33′28.1′′; E 86°18′9.9′′; 1659 m a.s.l.) is a shallow, peaty lake with a sandy bottom located in a mountain valley. 
Soil biotopes
The diversity of the main soil types distributed in the broader Altai region reflects the geomorphic and geological context of the specific biotopes with chernozemic, luvisolic, brunisolic, gleysolic and regosolic soil types, corresponding to (parkland-)steppe, seasonally water-saturated steppe, boreal taiga forest, coniferous forest and alpine tundra, respectively (Chlachula 2007) . According to studies from other areas, the influence of grazing/pasture on soil micro-vegetation is evident (e.g. Evans & Johansen 1999; Johansen & Shubert 2001; T¸rk & G‰rtner 2001) . Nevertheless, no clear difference was recorded within the investigated territory in the species composition between the cultivated samples originating from the intensively and extensively grazed areas of East Kazakhstan. The present results are consistent with the conclusions of the research focused on soil microflora in Tajikistan (Melnikova 1956 ). Additional systematic data should define in detail the particular microflora composition range within the specific soil types.
Summary and conclusions
The first results of the microflora (cyanobacteria and algae) studies from unexplored mountain areas of the southern Altai and the adjacent forest-steppe and steppe regions of East Kazakhstan display a remarkable taxonomic variability reflecting the unique diversity of local natural environments. Several newly recorded and so far undescribed (or unknown) taxa of algae show a major potential for future systematic studies. The current results also indicate a limited impact of a direct as well as indirect human activity on the local environments (water sources) and minor ecological risks due to the present exploitation of natural resources, both reflecting the traditional historical lifestyles (pastoralism and forestry) practiced by the local Kazakh communities. Only a minor part of the recorded algal species is indifferent to water pollution and is common in clean running as well as stagnant waters. A marginal frequency of the recorded algal taxa is characteristic of anthropogenically polluted waters, thus suggesting an overall pristine and clear regional environment. The present results have been incorporated in the complex biodiversity and ecology management studies of the protected natural areas of the Altai-Sayan Eco-region ñ the Katon Karagay Nature Park in particular.
Although the present pilot microbiological study was strictly based on morphological determination according to the standard and regionally specific floras, the unique biodiversity of the investigated territory of central Eurasia is rather evident in respect to the overall number of the unclassified endemic micro-vegetation taxa. Future taxonomic investigations, comprising additional contextual ecological and molecular biological data, will further provide a better understanding of the documented cyanobacterial and algal diversity and functioning of the present Altai ecosystems.
